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H.ypernuclear Physics with a Neutral Meson Spectrometer

J. C. Peng

J.os Alamos National Laboratory

Los Alamos, Ncw Mexico 87545

Abstract

The (/{--, no) reaction, which ConllJ]CIIICntS the (~-”, m- ) and the (m+ , ~“1”) rctic-

lioris, offer~ another means to study hyptwnuclear physics. The physics nmlivdion for

mcaquring the ( K ‘“,no) rcrictim is discussed. TIIC fc~~qibilily for detecting n“ using

LIIC l, AM1>F Neutral Meson Sprwtrolndmr is sludird wi~h Monte-(;mlo sinlllliLLious.

Wc rmnc” TKICthat the (K -, no) rc:wlion can IN! WI*IIInciwllrc(l at cxislinfi kmm hram

Iincs,

I. Illt.ro(lucticm

1. A-lly]wrnlwloi with tlw (h’ , n“) Ihwrti(}ll
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Table L A Binding Energies for Mirror-Hypemuclear Pairs

Hypcrnucieus B~ (McV)

:H 2.04 + 0.04

~He 2.39 + 0.03

: La G.80 + 0.03

:11 H.2!I + ().18

12])
A

11.37 i. 0.06

:2c’ 10.”/6 i“ 0.19
—— .———. ..——— —.—-—-...—-—— ...——— - ..——— ——.— —..——. ———————

.——.- .——-— ——— —.-—

‘1’ - I/2 hyl)crnllr.h!nr sldcs. A cmllpurison hctwcrll Lhr (K “‘, n“) alId tllc (K “’, n” ) spccLrii will

tllrrrf{)rc IIcI[) IA)[lcLcrnlint* Ihc iw)sl)in of the Ilypcrllllcl(’iir Ylhhw.



the 4 l{e(K–, z– ) reaction has isospin 1/2. It should bc noted that Dalitz et al.16 have presented

a different interpretation of these data.

The (K -, x“) reaction will provide valuable information to clarify the nature of the pel~k observed

in the 4 H c(K –, n - ) reaction. Since both isospiil 3/2 and isospin I/Z E-hypernuclear statea can

hc cxcitcd in the 4 He(K-, X“) reaction, onc expccls observing a peak corresponding to AH with

isospin 1/2 in this rcaclion.

4. ~i-diharyon %arch with n0 Detection

An cxpcrinwnl is currently Ilnrlerwny ai AGS LO scurch for the S = -2 H-dibaryonl”. In this
cxI]mimont n twrL-step process, K -p -~ K + s r(,:!rlwc({ I)y E d - * nfd , is ur4cd. Evidcncc cf II

Wolll(l SI1OW Ill) iLS ii I)Cil k in the ncuLron cnm~y spcctrull,. It is collccivriblc tha~ one can also scmrch

for il-dil~;myoll Viii arrot,hcr two-step prrmwj, nmrm!y, ~ p + K ‘“~’ fr)llowcd by ~ ~J -0 H“ /] .

‘1’IIc si~{nnt,llro of 11-(lihnryon wollld Ijc n pcuk in t.hc n“ energy spectrum. The advmntngc of tl~is

,al~l)r(mch is the ~;lllll)]ifi[:flt ion (If tiLr~CL design, sillrx’ Llic SiLII]C liquid hy(lrogcn Liirgcl i~ 11s4!(1in
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quite different conditions in beam energy, target configuraLirm, rr”-energy, and the background
situation, In the first reaction, the energy of m“ emitted at 0“ is -.530 McV with the minimal
opening angle, q, -23,5°. For the second reaction, the x“ energy is -90 McV with q * 75”.

2. Detection of the 12C(K’-, x“)~z~ Reaction

For simulating t.hc performance of NMS, wc usc a n-mdificd version of the cA(! PIANC6 originally

written for the 1.AMPF n“+pcctrnmctcr. Wc asumc a LCWII n~omcnLum uncertainty of 1.5 MeV/c

(FWHM) at 700 McV/c and a 1 cm-thick carbon target. ‘1’lw specLri]mcter is act at al, opening
angle of 35°, and the distance bctwrcn the targc L and the mean Iocntion of the m-mvertcm is 100 cnl.

Figure 1 shows the missing-rnms rcdutinn ~q a funcl,ion of Xcut. for LwrIdifferent assumptions (or

lhc q-my energy rcsol:lLi{m and the rmnvl!rsion point, rrsollltion of NMS. TIIC solid curve is ohtaincd

by usi[lg the design slwcih.atimw d the NMS, wh(!r(!i~] Lhc (la~hc(] curve assulucs rcgrdutions three

Linl(!~ worse th[~n LIIC ilc~i~l~c(l vill~l(!s, XcIIl rvprwwlll,s :1 CIIL tjl} I,]Ic V-rilv cllcrgy rwynlmctry
I>ilrillll(!lcr X, ~[c[im!d w

,~ 1(/$’(7,) 1;(72))/(~J’(Ti) I l~(7z))l

f“i~llr(’ [ s[)OWS Lllnt i~ lllhsill~-n]iw rwul!ilLion of -z1 .~) 2.(1 M(. V rwl Iw r(’ii(lily nchicvml ill Llic

(h’ , n”) r(.nrtil~n ut exisliu~: kii(>[l lWiLIII Iillc llsiu~ LIIr NMS. ‘1’llis lllissiu~-ll};ws rcw)luli(m is very

sillli];w L() W! IILI. IIII!I IIIW,II (]I)L:L;IIIS(] it] Lhc ( I( , n ) ;LIIf~ Lhr (r! 1 , Ii 1 ) (Sxl>orilllf’lltq, ~i~llro I !dw

[Iolllol]slrllt,rs 1,1Ic illll>orl,iLllrr (If ~clliovjil~ tlIr IM%L l~os;lil~lt’ (Sll(,rj:y :LI1(] I)ositioll rosollltitul for NMS,

Hincc OIICcxlllhl LIIVI1rllt ~NI a l:~ry,rr v:i!~ll’ t~f X (wlliuh l~ivm l:lr~rr :ioli(] .iill~\](} :~(-r(S~)L:LIIC(-)‘witholll

(ll~l,(,ri(]rlll,ill~ 1,11(,llli:;~illy, Illil!;:+r(v;flllll,it]ll :ii~;lliliclllltly,
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of -15 msr for charged-particle spectrometer. Since Lhe angular distributions of the (K ,n”)

reac Lion are expected to be forward-peaked, we will only consider the solid-angle acceptance for
0°< Olab S 10°. In Figure 2(b) we plot the NMS solid-angle acceptance as a function of Xcut for

various values of R and q. Even at a setting of R = !200 cm, which gives excellent missing-mtm

resolution, the solid-angle acceptance, *10 msr, is still quite rdcqrmte,

We nrc now ready to make a count-rate cstimrttc for this rcacticm. Assuming 106 K- /spill, a 1

cm-long carbon t,argct, an average cross section du/dfl :-0.5 Mb for Oi~b < IOG, a 20 mm solid-angle

,acccptiancc ic)r NMS, and a 50% nvcrtall cf~lcicncy for rn conversion probability and other detector

clficicncics, wc mtinlatc --70 cv{!llLs/llollr. This count rate is very f~vorablc when compared with
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We also assume that the position of the stopped knons in the direction transverse to the beam axis
can be determined to an accuracy of 1 cm (F WHM), ,*rcaumably via chambers placed near the front

surface of the 4 He target. Since the dominant ccmtribution k the n 0 energy resolution comes from

the uncertainty in the interaction point, it is important to set the spcct,romc& at a configuration

which rninimizca this contribution. This is illustrated in Figure 3(a). The solid curve corresponds

to the setting for (?[ab = 0°, namely, the bisector of the two arlns of the NMS is along the beam
axis. The dashcci curve w~q obtained with the NMS ccntmred at (?I.b :-= 90°. The missing-maw

ruw)lution is much improved in the Iattcr setting, since the opening angle dct.crmination is less

sw~sitivc to Lhc uncertainty of the interaction point in this raw. Figllrc 3(L) shows Lhc so]id-an~lc

~~~cl)Lilll~.c M a ftlnction of R. A missing -rnaqs rcsolutiml of - I M(*V and a solid-angle ncccptrmcc

of A’2(J rllw call I)v iwlliuvcd.
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reaction. Baaed on the results of Monte-Carlo simulations for the performance of the NMS to
detect the 12C(K-, x0)~z13 and 4ffe(stopped K- , w“)} H reactions, wc conclude that the (K -, no)

reaction can be we]] pursued at existing kaon beam facilities.
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